Aim-To evaluate academic career in long term survivors of childhood acute lymphoblastic leukaemia (ALL), in comparison to their healthy siblings. Patients-Ninety four children treated for ALL with cranial irradiation 18 or 25 Gy and intrathecal methotrexate as CNS prophylaxis. Median age at evaluation was 20 years; median follow up since diagnosis was 15 years at the time of the study. Methods-Patients and their 134 siblings completed a questionnaire on school career. The percentage of referrals to special primary schools for learning disabled, and the final level of secondary education in patients and siblings were compared, using a six point classification. Within the patient group, the eVect of possible risk factors (age at diagnosis, irradiation dose, and gender) was investigated. Results-Significantly more patients than siblings were placed in special educational programmes. A significant diVerence was found for level of secondary education. No eVect of gender or irradiation dose was found, but younger age at diagnosis was significantly related to both referrals and school levels. Conclusion-Treatment for childhood ALL with cranial irradiation and chemotherapy at a young age is clearly associated with poorer academic career. (Arch Dis Child 2000;82:353-357) 
Until the mid 1980s, presymptomatic treatment of the central nervous system (CNS) in children with acute lymphoblastic leukaemia (ALL) consisted of cranial irradiation and intrathecal chemotherapy. This so called CNS prophylaxis was a decisive factor in improving survival of children with ALL. But growing evidence emerged that giving such treatment could result in neuropsychological impairment, and cranial irradiation has now been eliminated from most treatment protocols for standard risk ALL. Cognitive deficits in irradiated children with ALL have been found in various domains, including intelligence, learning and memory, attention, cognitive speed, academic achievement, and executive and visual-motor functioning.
3- 8 The underlying cerebral pathology of such impairment probably includes necrotising leucoencephalopathy and mineralising microangiopathy. 9 Neuroradiological studies in ALL survivors who received cranial irradiation have shown white matter abnormalities, calcifications, and parenchymal atrophy. 10 11 Longitudinal neuropsychological research in children treated for ALL at a young age (under the age of 7 years) have been performed in our institution since the early 1980s. Children who received cranial irradiation and intrathecal methotrexate (MTX) performed significantly worse than normal controls on a variety of measures, both two and six years after CNS prophylaxis. Magnetic resonance imaging (MRI) of the brain revealed abnormalities in 63% of cases. 12 With a mean follow up of 13 years, school career was evaluated in 28 patients and their 48 normal siblings. Leukaemia survivors reached significantly lower levels of secondary education than their siblings and were more often referred to special schools for learning disabled. However, only young patients were eligible for this evaluation, and young age is considered an additional risk factor for cognitive impairment when receiving cranial irradiation. 13 Another limitation was that the influence of risk factors such as cranial irradiation dose, sex, and age at diagnosis could not be determined because of small patient numbers. To date, results are not unequivocal with regard to the eVects of risk factors on cognitive functioning, despite abundant neuropsychological research in ALL patients. 14 Limitations of many studies include absence of normal controls and follow up not long enough for evaluation of final school performance. To avoid our former selection bias of young age and to obtain larger patient numbers for multivariate analysis, a nationwide study was designed. We wished to compare school career in ALL patients who received cranial irradiation and their normal siblings, so that patients could be compared to youngsters from the same socioeconomic and intellectual background. We expected patients' school achievement to be inferior to the accomplishment of their siblings; additionally, hypotheses concerning the eVect of various risk factors were tested.
Methods
This study was clustered with a nationwide cardiac evaluation among long term ALL survivors diagnosed from 1979 to 1984 and treated with cranial irradiation. 15 Patients were invited to participate by mail. Written informed consent was obtained according to guidelines of the 11 participating institutions.
SUBJECTS
Children were eligible for this study if they fulfilled the following criteria: (1) in continuous complete remission after treatment according to protocol ALL 5 for non-high risk patients or the preceding pilot study from the Dutch Childhood Leukemia Study Group (DCLSG); (2) no congenital heart disease or Down's syndrome; (3) treated in a university related paediatric oncology centre. Ninety four of 146 eligible patients (64%) agreed to participate in the school evaluation. CNS prophylaxis consisted of cranial irradiation and intrathecal MTX and prednisolone (five doses: 12.5 mg/m 2 with a maximum of 15 mg MTX and the same dose of prednisolone per dose). Total cranial irradiation dose was 25 Gy in children aged at least 2 years; in children under 2 years, 20 Gy was given from 1979 to 1983 and 18 Gy from 1983 to 1984. Daily dose fraction in all children was 1.5 Gy. Treatment continued with maintenance and consolidation therapy for a total duration of 24 months. 15 
EVALUATION AND STATISTICAL ANALYSIS
Patients and their siblings (or parents) completed a questionnaire which contained five items on school career developed for the neuropsychological research in our institution. Firstly, it was registered whether children attended regular primary schools or special schools for learning disabled. Secondly, the level of secondary education was classified using a six point scale. Category 1 is the lowest, category 6 the highest, and category 4 is the mean level of secondary education in the Netherlands. 16 Special education for learning disabled comprises categories 1 and 2, representing schools for children with defective and low normal intelligence respectively. Table 2 presents equivalents of the six categories for the UK educational system. Children still at secondary school received the same classification as children who had passed the final examination.
The following hypotheses were formulated and investigated using the indicated statistical tests.
(1) The percentage of referrals to primary schools for learning disabled is higher in patients than in siblings (Fisher exact test, one tailed) (2) Mean level of secondary education in (subgroups of) patients is lower than in (subgroups of) siblings (Wilcoxon signed rank test, one tailed). If a patient had more than one sibling, he or she was compared to the mean level of the siblings (3) To examine the eVects of three risk factors (age at diagnosis, cranial irradiation dose, and gender) on referral to special schools and on level of secondary education within the patient group, univariate and multivariate linear regression analyses were performed, followed by three way analysis of variance (ANOVA). We expected that lower age at diagnosis and higher cranial irradiation dose were related to higher referrals and lower educational levels, but no gender eVect was anticipated. Significance levels were established at p < 0.05. All statistical analyses were carried out with the Statistical Package for Social Sciences. 17 
Results
Firstly, demographic variables were compared. The enrolled 95 participants did not significantly diVer from the 51 eligible nonparticipants with regard to age at diagnosis, cranial irradiation dose, and gender. Eighty five of 94 patients had one or more siblings. There were also no demographic diVerences between patients and siblings and between patients with and without siblings. Table 1 shows characteristics of patients. Mean follow up since diagnosis was 15 years at the time of the study.
REFERRALS TO SPECIAL PRIMARY SCHOOLS FOR LEARNING DISABLED
All children had finished primary school. Twelve patients and one sibling were placed in special educational classes. Statistically, this diVerence is highly significant (p < 0.0001), confirming hypothesis 1. However, considering this low number of referrals, the validity of this result can be questionned.
MEAN LEVEL OF SECONDARY EDUCATION
Twenty patients were still at secondary school; 74 had passed the final examination. Concurrent with hypothesis 2, a significant (p < 0.0001) diVerence in educational level was found when comparing patients and siblings (table 2). The overall mean level for patients was 3.4 (range 1-6) and the overall mean level for siblings 4.5 (range 3-6). Table 2 also gives the results for diVerent subgroups of patients and their respective siblings. Significant diVerences were seen for all patientsibling comparisons except for 21 patients aged over 7 years at the time of diagnosis, when mean level of education no longer diVered from that of their siblings.
EVALUATION OF THREE RISK FACTORS WITHIN THE PATIENT GROUP
Using univariate linear regression analysis, no significant eVect of gender or cranial irradiation dose was found, either on referral to special schools or on level of secondary education. As expected, younger age at diagnosis was significantly related to both referrals (p = 0.04) and educational level (p = 0.003). For the latter, age at diagnosis explained 9% of variance.
Multivariate regression analysis with age at diagnosis, sex, and cranial irradiation dose as independent variables was only applicable for evaluation of secondary education. Again, a significant (p = 0.003) eVect was seen for age at diagnosis only. A three way ANOVA examining main and interaction eVects of risk factors on school level again showed a significant (p = 0.013) main eVect for age. Thus, hypothesis 3 was partly confirmed. The regression analysis was repeated with exclusion of patients placed in school categories 1 and 2 (without children referred to schools for learning disabled), to assess whether or not the age eVect was only determined by patients with obvious defective achievement. However, younger age at diagnosis was still the only factor significantly (p = 0.047) related to lower school level. Hence, young age contributed to lower school levels in both patients with normal (categories 3-6) or impaired (categories 1 and 2) academic functioning, although the significance of the age eVect decreased after exclusion of the latter.
Discussion
The results of this nationwide study confirm an earlier institutional report that ALL treatment with cranial irradiation as CNS prophylaxis is associated with significantly poorer school performance in patients compared to siblings. This is shown by both a higher referral to special primary schools for learning disabled and a lower level of accomplished secondary education in ALL survivors, confirming our hypotheses. Previous studies have shown controversial results considering the influence of risk factors on cognitive functioning. This is probably because of diVerences and restrictions in study design and methodology. In the present study, young age at diagnosis was a distinct and single factor determining school career many years after treatment. Young children are considered as particularly vulnerable with regard to injurious treatment, although the definition of "young" varies from 2 to 7 years. Myelinisation, synaptogenesis, and dendrite branching may all be aVected by cranial irradiation and intrathecal MTX. 18 19 Radiotherapy and chemotherapy can cause diVuse white matter injury which has been associated with the nonverbal learning syndrome. 20 Such learning disability could be one of the reasons for the poorer school career among patients in this study. In agreement with Mulhern et al, cranial irradiation dose, neither alone nor in combination with young age, was associated with worse academic achievement. 21 Alhough several investigators have studied gender eVects, clear consensus has yet to emerge. 13 If sex is considered a risk factor, cognitive deficits have been more frequently found in female than male patients. 22 23 This can be explained by diVerences in brain lateralisation (females tend to show less hemispheric lateralisation in function), myelination rate (higher in girls in early years), and ratio of grey to white matter (higher in females). [24] [25] [26] In contrast to the Waber studies, however, no gender eVect was found in the present study. 22 Our questionnaire appears to be an ecologically valid method for global investigation of the long term eVects of treatment. The usefulness of such an evaluation is also in line with results of studies evaluating academic sequelae of other kinds of acquired brain damage sustained during childhood. 27 Two aspects of the study methodology deserve comment. Firstly, 36% of the patients did not reply to the mailed questionnaire. We are not sure whether or not the nonparticipants have caused bias in our results. Considering the even distribution of distinctive factors (age, cranial irradiation dose, and gender) among the non-responders and participants, bias in results is not very likely. If bias occurred, it is most probable that the nonresponders had even worse educational outcome than the participants, augmenting the diVerences between patients and siblings. Secondly, it cannot be ruled out that school career in the sibling controls was also aVected by the cancer experience in the families. However, this is not plausible given the mean level of education in the siblings group which equalled the Dutch population mean. Apart from emotional influences, use of siblings controls has the advantage of equal socioeconomic background and comparable cognitive potential, which are important determinants of academic career. Unfortunately, no information was available for school career in siblings and patients prior to diagnosis.
School career is not solely determined by cognitive capacities, but can also be influenced by emotional status. Children treated for ALL could be at risk of developing psychological problems resulting in cognitive impairment. 28 We do not assume, however, that emotional functioning was a significant factor in the present results because of the following: (1) patients older than 7 years at diagnosis had the same accomplished level of secondary education as their siblings; and (2) we have no clinical indication that the psychological impact of disease and treatment is stronger in younger than older patients. Furthermore, in a pilot study in long term ALL survivors treated with chemotherapy only at a young age in our institution, no diVerences in school career were seen in comparison to their siblings. 12 Thus, cranial irradiation below the age of 7, which includes 70% of all ALL patients, appears to be the decisive factor for poorer academic career. Finally, school absenteeism could interfere with optimal academic career, but given 13 years follow up it is not likely that absenteeism significantly contributed to these results.
The majority of patients in this study was not mentally retarded and it may be questioned whether the 1.1 point diVerence in school level in comparison to siblings is clinically important. Many patients perceive their mild scholastic arrears as a major late eVect of leukaemia treatment, and this is particularly true if confronted with smarter siblings. To illustrate the meaning of a one point diVerence we oVer two examples from the Dutch school practice: (1) the diVerence between school categories 2 and 3 signifies a distinction between special and regular education with accordingly less or more vocational opportunities; (2) the diVerence between categories 6 and 5 determines whether or not you can go to university, which may result in a sense of inferiority for the ALL survivor with level 5 if he or she is a member of a university educated family.
Cranial irradiation has now been eliminated from most treatment protocols, but patients with meningeal leukaemia or receiving bone marrow transplantation may still be confronted with limitations in school career as described above. Such children require special educational assistance and teachers and parents should be alerted to the possibility of a break in school career. The neuropsychological late eVects of new combinations of chemotherapy remain to be seen. There is growing concern about the adverse sequelae on cognitive development of some drugs used in leukaemia treatment, such as MTX, dexamethasone, and cytosine arabinoside. 29 30 The present evaluation should therefore be repeated among children treated on subsequent DCLSG ALL protocols with chemotherapy alone.
Ideally, repeated and exhaustive neuropsychological assessments would yield the most useful data to evaluate the cognitive consequences of current and new treatment protocols. If such examinations are not feasible, our questionnaire may be a good alternative. In any country with an educational system which unequivocally and unalteredly marks academic performance throughout the country for years, registration of referral to special classes and final level of secondary education may improve follow up in long term survivors.
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